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(57) ABSTRACT 

A photoelectric conversion device comprising: an inorganic 
photoelectric conversion ?lm; and an organic photoelectric 
conversion ?lm, Wherein an insulating ?lm between the 
inorganic photoelectric conversion ?lm and the organic 
photoelectric conversion ?lm has a thickness of from 1 to 6 
pm, Wherein the organic photoelectric conversion ?lm has a 
multilayer structure comprising four or more layers, or 
Wherein a protective ?lm having a multilayer structure 
comprising three or more layers is provided on the organic 
photoelectric conversion ?lm. 
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ORGANIC AND INORGANIC HYBRID 
PHOTOELECTRIC CONVERSION DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a photoelectric 
conversion device containing an inorganic photoelectric 
conversion ?lm having stacked thereon an organic photo 
electric conversion ?lm, and an imaging device containing 
the photoelectric conversion device. 

[0003] 2. Description of the Related Art 

[0004] An imaging system using a silver salt photosensi 
tive material, Which is represented by a color negative 
photosensitive material and a color reversal photosensitive 
material, and a camera is being replaced by a digital camera 
using a solid imaging system, such as CCD and CMOS, 
oWing to the convenience thereof. HoWever, in a system 
having a three-color mosaic ?lter applied to a single-plate 
sensor used in the current solid imaging system, a high 
resolution cannot be obtained since one pixel of the light 
receiving device corresponds to one of blue light, green light 
and red light. Paying attention to a unit pixel, incident light 
having a Wavelength outside the range of the desired color 
is absorbed by the color ?lter and is not effectively utiliZed, 
Which brings about drawbacks in image quality as compared 
to the imaging system using a silver salt photosensitive 
material and a camera. Furthermore, since blue light, green 
light and red light are detected at different positions, color 
separation occurs to cause false color in some cases, and 
thus an optical loW-pass ?lter is necessarily used to cause 
light loss. 

[0005] In order to eliminate the problems, such a solid 
imaging system has been developed that blue light, green 
light and red light are detected at the same position With 
separation in the depth direction of silicon (as described, for 
example, in JP-A-2002-5l3l45). 
[0006] In order to improve the color reproducibility, fur 
thermore, such an imaging device is also disclosed that has 
a ?rst light receiving part detecting light having a ?rst 
Wavelength range and a second light receiving part detecting 
light having a second Wavelength range, in Which at least a 
part of incident light is received by the second light receiv 
ing part after passing through the ?rst light receiving part (as 
described, for example, in JP-A-2003-33255l). 

[0007] HoWever, these systems are still insuf?cient in 
studies on color reproducibility, resolution and SN ratio, and 
are inferior to the imaging system using a silver salt pho 
tosensitive material and a camera. 

SUMMARY OF THE INVENTION 

[0008] An object of the invention is to provide an imaging 
sensor improved in color reproducibility and SN ratio 
equivalent to an imaging system using a silver salt photo 
sensitive material and a camera. 

[0009] The inventors have found that the color reproduc 
ibility and the SN ratio, and furthermore the time lapse 
stability and the process durability upon microfabrication 
can be improved in such a manner that: an insulating ?lm 
intervening betWeen an inorganic photoelectric conversion 
?lm and an organic photoelectric conversion ?lm is reduced 
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in thickness to a certain value or less; an organic photoelec 
tric conversion ?lm has a multilayer structure containing 
four or more layers; or a protective layer having a multilayer 
structure containing three or more layers is formed on an 
organic photoelectric conversion ?lm. Accordingly, the 
invention relates to the folloWing constitutions (l) to (23). 

[0010] (l) A photoelectric conversion device comprising: 

[0011] an inorganic photoelectric conversion ?lm; 

[0012] an insulating ?lm; and 

[0013] an organic photoelectric conversion ?lm, in this 
order, 
[0014] Wherein the insulating ?lm has a thickness of from 
1 to 6 pm. 

[0015] (2) The photoelectric conversion device as 
described in (1) above, 

[0016] Wherein the inorganic photoelectric conversion 
?lm performs photoelectric conversion of at least blue light 
and red light, and 

[0017] Wherein the organic photoelectric conversion ?lm 
performs photoelectric conversion of at least green light. 

[0018] (3) The photoelectric conversion device as 
described in (2) above, 

[0019] Wherein the inorganic photoelectric conversion 
?lm comprises a silicon semiconductor, and the inorganic 
photoelectric conversion ?lm performs photoelectric con 
version of at least blue light and red light separately in a 
depth direction of the silicon semiconductor. 

[0020] (4) The photoelectric conversion device as 
described in (2) or (3) above, 

[0021] Wherein the organic photoelectric conversion ?lm 
performing photoelectric conversion of green light has a 
maximum absorption Wavelength of from 510 to 560 nm, a 
maximum absorptivity of from 80 to 100% and a half value 
Width of absorptivity of from 50 to 100 nm. 

[0022] (5) The photoelectric conversion device as 
described in any of (2) to (4) above, 

[0023] Wherein a number of pixels for green light is larger 
than a number of pixels for blue light or red light. 

[0024] (6) A photoelectric conversion device comprising: 

[0025] 
[0026] an organic photoelectric conversion ?lm directly or 
indirectly stacked on the inorganic photoelectric conversion 
?lm, 
[0027] Wherein the organic photoelectric conversion ?lm 
has a multilayer structure comprising four or more layers. 

an inorganic photoelectric conversion ?lm; and 

[0028] (7) The photoelectric conversion device as 
described in (6) above, 

[0029] Wherein the organic photoelectric conversion ?lm 
comprises at least a positive hole blocking organic material 
layer, an n-type organic material layer, a p-type organic 
material layer and an electron blocking organic material 
layer. 

[0030] (8) The photoelectric conversion device as 
described in (6) above, 
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[0031] wherein the organic photoelectric conversion ?lm 
comprises at least a positive hole blocking organic material 
layer, an n-type organic material layer, a pn-type mixed 
organic material layer, a p-type organic material layer and an 
electron blocking organic material layer. 

[0032] (9) The photoelectric conversion device as 
described in any of (l) and (6) to (8) above, Which further 
comprises tWo transparent electroconductive ?lms, 

[0033] Wherein the organic photoelectric conversion ?lm 
is held betWeen the tWo transparent electroconductive ?lms. 

[0034] (10) The photoelectric conversion device as 
described in (9) above, 

[0035] Wherein at least one of the tWo transparent elec 
troconductive ?lms has a thickness of from 5 to 50 nm. 

[0036] (11) The photoelectric conversion device as 
described in (9) or (10) above, Which further comprises a 
protective ?lm having a multilayer structure comprising 
three or more layers directly or indirectly on one of the tWo 
transparent electroconductive ?lms farther from the inor 
ganic photoelectric conversion ?lm. 

[0037] (12) The photoelectric conversion device as 
described in any of (9) to (11) above, 

[0038] Wherein one of the tWo transparent electroconduc 
tive ?lms nearer the inorganic photoelectric conversion ?lm 
forms a pixel electrode. 

[0039] (13) The photoelectric conversion device as 
described in any of (9) to (12) above, 

[0040] Wherein one of the tWo transparent electroconduc 
tive ?lms farther from the inorganic photoelectric conver 
sion ?lm forms a common electrode. 

[0041] (14) The photoelectric conversion device as 
described in any of (l) to (13) above, 

[0042] Wherein the organic photoelectric conversion ?lm 
is formed continuously Without separation for each pixel. 

[0043] (15) The photoelectric conversion device as 
described in any of (l) to (14) above, 

[0044] Wherein the organic photoelectric conversion ?lm 
has a surface smoothness that is 1/10 or less of a thickness of 
the organic photoelectric conversion ?lm. 

[0045] (16) Aphotoelectric conversion device comprising: 

[0046] an inorganic photoelectric conversion ?lm; 

[0047] an organic photoelectric conversion ?lm; and 

[0048] a protective ?lm having a multilayer structure 
comprising three or more layers, in this order. 

[0049] (17) The photoelectric conversion device as 
described in (9) or (16) above, 

[0050] Wherein the protective ?lm has a total thickness of 
from 1 to 10 pm. 

[0051] (18) The photoelectric conversion device as 
described in any of (11) and (16) to (17) above, Which 
further comprises at least one ?lm selected from an antire 
?ection ?lm, an infrared ray shielding ?lm and an ultraviolet 
ray shielding ?lm directly or indirectly on the protective 
?lm. 
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[0052] (19) The photoelectric conversion device as 
described in any of (l) to (18) above, Which further com 
prises at least one color reproduction compensating layer at 
least one of above and under the organic photoelectric 
conversion ?lm. 

[0053] (20) The photoelectric conversion device as 
described in any of (l) to (19) above, Which further com 
prises a signal readout section having a MOS structure. 

[0054] (21) The photoelectric conversion device as 
described in (20) above, 

[0055] Wherein the signal readout section utiliZes an elec 
tron as a readout signal. 

[0056] (22) The photoelectric conversion device as 
described in (20) above, 

[0057] Wherein the signal readout section utiliZes a posi 
tive hole as a readout signal. 

[0058] (23) An imaging device comprising a photoelectric 
conversion device as described in any of (l) to (22) above. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0059] FIG. 1 is a schematic illustration shoWing a pre 
ferred embodiment of the photoelectric conversion device 
according to the invention; and 

[0060] FIGS. 2A to 2F are illustrative vieWs shoWing a 
formation process of a protective ?lm having a multilayer 
structure containing three or more layers according to the 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0061] The photoelectric conversion device according to 
the invention Will be described With reference to FIG. 1. 

[0062] FIG. 1 is a schematic illustration shoWing a pre 
ferred embodiment of the photoelectric conversion device 
according to the invention, in Which an inorganic photoelec 
tric conversion ?lm 13 (21 to 23) having formed thereon an 
organic photoelectric conversion ?lm 7, 8, 9 and 10 to 
fabricate the photoelectric conversion device. 

[0063] It is preferred that the inorganic photoelectric con 
version ?lm 13 (21 to 23) performs photoelectric conversion 
of blue light and red light, and the organic photoelectric 
conversion ?lm 7, 8, 9 and 10 performs photoelectric 
conversion of green light. It is particularly preferred that the 
inorganic photoelectric conversion ?lm 13 (21 to 23) is 
formed of a silicon semiconductor and performs photoelec 
tric conversion of at least blue light and red light separately 
in a depth direction of the silicon semiconductor. For 
example, the inorganic photoelectric conversion ?lm 13 is a 
silicon p-type substrate having an n-type Well 21, a p-type 
Well 22 and an n-type Well 23. The photoelectric conversion 
is performed by the respective pn-junctions, the n-type Well 
23 collects blue light signals, and the n-type Well 21 collects 
red light signals. The separation of colors in the depth 
direction utiliZing the difference in absorption coe?icient of 
silicon is disclosed in a knoWn literature. The signals can be 
read out from a pad 27 through a signal Wiring 19. The 
inorganic photoelectric conversion ?lm is preferably a sili 
con semiconductor having a CMOS structure, in Which 
numerals 25 and 26 denote a readout sWitch for electric 
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signals and a transistor performing ampli?cation, respec 
tively. A horizontal shift resister, a vertical shift resister and 
a noise suppressing circuit relating to the readout of signals 
are omitted in the ?gure. The organic photoelectric conver 
sion ?lm absorbs green light, Whereby the separation of blue 
light and red light by the inorganic photoelectric conversion 
?lm is facilitated. The organic photoelectric conversion ?lm 
preferably has a maximum absorption Wavelength of from 
510 to 560 nm, and more preferably from 520 to 550 nm. 
The term maximum absorption Wavelength referred herein 
means an absorption Wavelength exhibiting the highest light 
absorptivity. The absorptivity at the maximum absorption 
Wavelength, i.e., the maximum absorptivity, is preferably 
from 80 to 100%, and more preferably from 90 to 100%. The 
half value Width of absorptivity is preferably from 50 to 100 
nm, and more preferably from 60 to 90 nm. The half value 
Width of absorptivity referred herein means the Width of the 
absorption Wavelength at an absorptivity of half of the 
maximum absorptivity. 

[0064] While not shoWn in the ?gure, it is preferred that a 
color reproduction compensating layer is provided above 
and/ or under the organic photoelectric conversion ?lm per 
forming photoelectric conversion of green light. For 
example, it is preferred that a color reproduction compen 
sating layer of magenta color is provided under the organic 
photoelectric conversion ?lm for preventing green light 
passing through the organic photoelectric conversion ?lm 
from reaching the inorganic photoelectric conversion ?lm. 
In order to control light absorption and to improve color 
separation in the organic photoelectric conversion ?lm, it is 
preferred that a color reproduction compensating layer hav 
ing absorption in the vicinity of a range of from 480 to 500 
nm and/or the vicinity of a range of from 580 to 600 nm is 
provided above the organic photoelectric conversion ?lm. 
The color reproduction compensating layer may be appro 
priately selected corresponding to purposes depending on 
the spectrum shape of light absorption and the absolute 
value of light absorption of the organic photoelectric con 
version ?lm, the spectrum shapes of light absorption and the 
absolute values of light absorption of blue light and red light 
of the inorganic photoelectric conversion ?lm, and the 
method of signal processing. 

[0065] In the invention, insulating ?lm 11 and 12 prefer 
ably has a thickness of from 1 to 6 pm. More speci?cally, the 
thickness of the insulating ?lm means the distance from the 
loWer end of the organic photoelectric conversion ?lm to the 
diode upper end of the inorganic photoelectric conversion 
?lm. 

[0066] The insulating ?lm is inserted betWeen the inor 
ganic photoelectric conversion ?lm and the organic photo 
electric conversion ?lm for preventing them from being in 
electric contact With each other. One of the characteristic 
features of the invention is that the thickness of the insulat 
ing ?lm is 6 pm or less, Which is thinner than a conventional 
constitution. In the case Where the thickness of the insulating 
?lm is too large, it is not preferred since the signal from the 
organic photoelectric conversion ?lm and the signal from 
the inorganic photoelectric conversion ?lm are deviated 
from each other in position of the pixel of the photoelectric 
conversion device, and in the case Where the thickness of the 
insulating ?lm is too small, it is also not preferred since a 
signal Wiring 19 and the like cannot be provided in the 
insulating ?lm. The thickness of the insulating ?lm is more 
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preferably from 2 to 5 pm. The insulating layer in the ?gure 
is constituted by tWo layers 11 and 12, and a three-layer, 
four-layer or ?ve-layer structure or more is preferably 
employed depending on the design of the signal Wiring. The 
thickness of the insulating ?lm is set to the value de?ned in 
the invention, Whereby high image quality can be attained 
Without false color and color blur. 

[0067] In FIG. 1, the organic photoelectric conversion ?lm 
has the four-layer structure 7, 8, 9 and 10, and in the 
invention, the organic photoelectric conversion ?lm prefer 
ably has a multilayer structure containing four or more 
layers, and is preferably held betWeen tWo transparent 
electroconductive ?lms 6 and 14. It is more preferred that 
the transparent electroconductive ?lm 14 nearer the inor 
ganic photoelectric conversion ?lm forms a pixel electrode. 
It is preferred from the standpoint of ?lm forming process 
that the transparent electroconductive ?lm 6 farther from the 
inorganic photoelectric conversion ?lm forms a common 
electrode. It is also preferred from the standpoint of ?lm 
forming process that the organic photoelectric conversion 
?lm is formed continuously Without separation for each 
pixel. With respect to the organic photoelectric conversion 
?lm and layers above the organic photoelectric conversion 
?lm, pixel separation is preferably attained only in the loWer 
electrode since it is basically necessary that the organic 
photoelectric conversion ?lm is prevented from suffering 
from damages on process as much as possible. 

[0068] The photoelectric conversion ef?ciency is 
improved by applying an appropriate bias to the organic 
photoelectric conversion ?lm, but the S/N ratio is rather 
deteriorated due to increase of the leakage electric current 
from the electrode. In the invention, it has been found that 
the problem can be eliminated by using an organic photo 
electric conversion ?lm having a multilayer structure con 
taining four or more layers. In the case Where the transparent 
electroconductive ?lm 6 as an upper electrode is applied 
With voltage relatively negatively, and the transparent elec 
troconductive ?lm 14 as a pixel electrode is applied With 
voltage relatively positively, an organic material suitable for 
an electron blocking layer is selected for the layer 7, and an 
organic material suitable for a positive hole blocking layer 
is selected for the layer 10, in the organic photoelectric 
conversion ?lm 7, 8, 9 and 10. According to the constitution, 
the increase in dark electric current by application of voltage 
can be suppressed. Furthermore, a p-type organic material is 
selected for the layer 8, and an n-type organic material is 
selected for the layer 9, Whereby the photoelectric conver 
sion ef?ciency can be improved. Moreover, a pn-type mixed 
organic material layer, an i-type layer, an electron transport 
ing layer and a positive hole transporting layer are provided 
to form a multilayer constitution containing four or more 
layers for the organic photoelectric conversion ?lm, 
Whereby the S/N ratio can be further improved. According 
to the constitution, a photoelectric conversion device con 
taining an inorganic photoelectric conversion ?lm having 
stacked thereon an organic photoelectric conversion ?lm can 
be realiZed. 

[0069] In the invention, it has been found that the capa 
bility of the organic photoelectric conversion ?lm can be 
improved When the thickness of the transparent electrocon 
ductive ?lm is from 5 to 50 nm. In the case Where the 
transparent electroconductive ?lm is too thin, the voltage 
cannot be uniformly applied, and in the case Where it is too 
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thick, the yield ratio is lowered due to short circuit, Which 
may be caused by damages on forming the transparent 
electroconductive ?lm. In the invention, the thickness of the 
transparent electroconductive ?lm is preferably from 10 to 
40 nm. By reducing the thickness of the transparent elec 
troconductive ?lm 14 as the pixel electrode, the surface 
smoothness of the organic photoelectric conversion ?lm can 
be 1/10 or less of the thickness of the organic photoelectric 
conversion ?lm. The surface smoothness is de?ned as RMS 
of the height distribution With respect to the horizontal plane 
of the organic photoelectric conversion ?lm 7. By embed 
ding the pixel electrode 14 in the insulating ?lm 11, the 
surface smoothness can be further improved. It is particu 
larly preferred that the surface smoothness of the organic 
photoelectric conversion ?lm is 1/20 or less of the thickness 
of the organic photoelectric conversion ?lm. 

[0070] The signals of the organic photoelectric conversion 
?lm are preferably accumulated from the pixel electrode 14 
into the n-type Well inside the p-type Well 24 of the silicon 
substrate through a via plug 15 and a via metal 16 in the 
insulating ?lm, and read out to the outside 27 through the 
transistor 25 via the Wiring 19. The via plug and the via 
metal are increased When the insulating ?lm has a multilayer 
structure. Numeral 17 denotes a light shielding ?lm for 
preventing the transistor from being irradiated With light. 

[0071] In the invention, it is preferred that a protective ?lm 
3, 4 and 5 having a multilayer structure containing three or 
more layers is provided on the organic photoelectric con 
version ?lm. It is particularly preferred that the protective 
?lm is formed on the transparent electroconductive ?lms 
(particularly, the common electrode) holding the organic 
photoelectric conversion ?lm. Numeral 18 denotes a Wiring 
for applying a voltage to the transparent electrode 6, Which 
is grounded With a Wiring 20 in this embodiment. As having 
been described, the peripheral circuits are omitted in the 
?gure. It has been found from the investigations on produc 
tion process of the photoelectric conversion device that the 
multilayer structure containing three or more layers is nec 
essary for the protective layer in order to protect the side 
surface of the organic photoelectric conversion ?lm ?rmly 
and to connect electrically With the transparent electrocon 
ductive ?lm 6. The protective layer preferably has a multi 
layer structure containing four or more layers, and the total 
thickness of the protective layer is particularly preferably 
from 1 to 10 pm. In the case Where the thickness of the 
protective layer is in the range, both the optical character 
istics of the photoelectric conversion device and the time 
lapse storage stability, Which has been often a problem in 
organic materials, can be simultaneously attained. The thick 
ness of the protective layer is particularly preferably from 2 
to 9 pm. In the invention, it is effective to reduce the 
thickness of the transparent electroconductive ?lm as having 
been described, and therefore, in the case Where the trans 
parent electroconductive ?lm has a thickness in the afore 
mentioned preferred range, the protective ?lm having a 
multilayer structure containing three or more layers is par 
ticularly important for protecting the organic photoelectric 
conversion ?lm from damages of various processes. 

[0072] In the invention, it is preferred that the photoelec 
tric conversion device has at least one ?lm selected from an 
antire?ection ?lm, an infrared ray shielding ?lm and an 
ultraviolet ray shielding ?lm on the protective ?lm, and tWo 
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or all of these layers may be used in combination depending 
on necessity. In FIG. 1, these layers are simply denoted by 
numerals 1 and 2. 

[0073] In the invention, it is preferred that the number of 
pixels 14 for green light is larger than the number of pixels 
23 and 21 for blue light or red light. In the embodiment 
shoWn in FIG. 1, the number of pixels for green light is tWice 
the number of pixels for blue light and red light. Since 
human eye is high in visibility to green light, relative 
increase of pixels for green light is considerably effective for 
improving the image quality. The reduction in pixel area of 
the photoelectric conversion parts for blue light and red light 
can be compensated by the transistor. 

[0074] The photoelectric conversion device of the inven 
tion Will be described in more detail. 

[0075] The photoelectric conversion device contains an 
electromagnetic Wave absorbing/photoelectric conversion 
part and a charge accumulation/transfer/readout part for 
charge generated through photoelectric conversion. 

[0076] The electromagnetic Wave absorbing/photoelectric 
conversion part has a stacked layer structure containing at 
least tWo layers capable of absorbing and photoelectrically 
conversing blue light, green light and red light. The blue 
light absorbing layer (B) can absorb at least light having a 
Wavelength of from 400 to 500 nm, and the absorptivity 
thereof at the peak Wavelength is preferably 50% or more. 
The green light absorbing layer (G) can absorb at least light 
having a Wavelength of from 500 to 600 nm, and the 
absorptivity thereof at the peak Wavelength is preferably 
50% or more. The red light absorbing layer (R) can absorb 
at least light having a Wavelength of from 600 to 700 nm, 
and the absorptivity thereof at the peak Wavelength is 
preferably 50% or more. The order of these layers is not 
limited, and examples of the order in the three-layer stacked 
structure include BGR, BRG, GBR, GRB, RBG and RGB 
from the above. It is preferred that the G layer is the 
uppermost layer as having been described. In the case of the 
tWo-layer stacked structure, the BG layer is formed on the 
same plane under the R layer as the upper layer, the GR layer 
is formed on the same plane under the B layer as the upper 
layer, or the BR layer is formed on the same plane under the 
G layer as the upper layer. It is preferred that the BR layer 
is formed on the same plane under the G layer as the upper 
layer. In the case Where the layer absorbing light of tWo 
colors is provided in the same plane as the loWer layer, it is 
preferred that a ?lter layer capable of separating colors is 
provided, for example, in a mosaic form, on the upper layer 
or betWeen the upper layer and the loWer layer. In some 
cases, the fourth or more layers may be provided as a 
separate layer or in the same plane. 

[0077] The charge accumulation/transfer/readout part is 
provided under the electromagnetic Wave absorbing/photo 
electric conversion part. It is preferred that the electromag 
netic Wave absorbing/photoelectric conversion part also 
functions as the charge accumulation/transfer/readout part. 

[0078] In the invention, the photoelectric conversion 
device contains an inorganic layer having stacked thereon an 
organic layer. In this case, When the organic layer contains 
one layer, the inorganic layer basically contains one layer or 
tWo layers, and When the organic layer contains tWo layers, 
the inorganic layer basically contains one layer. In the case 
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Where the organic layer and the inorganic layer are one layer 
each, the inorganic layer forms electromagnetic Wave 
absorbing/photoelectric conversion parts for tWo or more 
colors in the same plane. It is preferred that the organic layer 
as the upper layer is the G layer, and the inorganic layer as 
the loWer layer contains the B layer and the R layer in this 
order from the above. In some cases, the fourth or more 
layers may be provided as a separate layer or in the same 
plane. In the case Where an inorganic layer is used as the 
electromagnetic Wave absorbing/photoelectric conversion 
part, it is preferred that the electromagnetic Wave absorbing/ 
photoelectric conversion part also functions as the charge 
accumulation/transfer/readout part. 

[0079] The organic layer as the organic photoelectric 
conversion layer of the invention Will be described. 

[0080] The organic layer as the organic photoelectric 
conversion ?lm is formed by accumulation or mixture of a 
section absorbing electromagnetic Wave, a photoelectric 
conversion section, an electron transporting section, a posi 
tive hole transporting section, an electron blocking section, 
a positive hole blocking section, a crystallization preventing 
section, an electrode and an interlayer contact improving 
section. The organic layer preferably contains a p-type 
organic compound or an n-type organic compound. 

[0081] The p-type organic semiconductor (compound) is a 
donative organic semiconductor (compound) represented by 
a positive hole transporting organic compound, and desig 
nates an organic compound having an electron donative 
property. More speci?cally, one of tWo organic compounds 
having a smaller ioniZation potential upon making the tWo 
compounds in contact With each other. Therefore, the dona 
tive organic compound may be any organic compound 
having an electron donative property. Examples thereof 
include a triarylamine compound, a benZidine compound, a 
pyraZoline compound, a styrylamine compound, a hydra 
Zone compound, a triphenylmethane compound, a carbaZole 
compound, a polysilane compound a thiophene compound, 
a phthalocyanine compound, a cyanine compound, a mero 
cyanine compound, an oxonol compound, a polyamine 
compound, an indole compound, a pyrrole compound, a 
pyraZole compound, a polyarylene compound, a condensed 
aromatic carbocyclic compound (such as a naphthalene 
derivative, an anthracene derivative, a phenanthrene deriva 
tive, a tetracene derivative, a pyrene derivative, a perylene 
derivative and a foluorantene derivative), and a metallic 
complex having a nitrogen-containing heterocyclic com 
pound as a ligand. Additionally, an organic compound that 
has a smaller ioniZation potential than an organic compound 
used as an n-type (acceptive) compound may be used as the 
donative organic semiconductor. 

[0082] The organic n-type semiconductor (compound) is 
an acceptive organic semiconductor (compound) repre 
sented by an electron transporting organic compound, and 
designates an organic compound having an electron accep 
tive property. More speci?cally, one of tWo organic com 
pounds having a larger electron a?inity upon making the tWo 
compounds in contact With each other. Therefore, the accep 
tive organic compound may be any organic compound 
having an electron acceptive property. Examples thereof 
include a condensed aromatic carbocyclic compound (such 
as a naphthalene derivative, an anthracene derivative, a 
phenanthrene derivative, a tetracene derivative, a pyrene 
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derivative, a perylene derivative and a foluorantene deriva 
tive), a 5- to 7-membered heterocyclic compound containing 
a nitrogen atom, an oxygen atom or a sulfur atom (such as 
pyridine, pyraZine, pyrimidine, pyridaZine, triaZine, quino 
line, quinoxaline, quinaZoline, phthalaZine, cinnoline, iso 
quinoline, pteridine, acridine, phenaZine, phenanthrene, tet 
raZole, pyraZole, imidaZole, thiaZole, oxaZole, indaZole, 
benZimidaZole, benZotriaZole, benZoxaZole, benZothiaZole, 
carbaZole, purine, triaZolopyridaZine, triZaZolopyrimidine, 
tetraZaindene, oxadiaZole, imidaZopyridine, pyralidine, pyr 
rolopyridine, thiaZiaZolopyridine, dibenZaZepine and triben 
ZaZepine), a polyarylene compound, a ?uorene compound, a 
cyclopentadiene compound, a silyl compound, and a metal 
lic complex having a nitrogen-containing heterocyclic com 
pound as a ligand. Additionally, an organic compound that 
has a larger electron affinity than an organic compound used 
as the donative organic compound may be used as the 
acceptive organic semiconductor. 

[0083] The p-type organic colorant and the n-type organic 
colorant may be any compound, and preferred examples 
thereof include a cyanine colorant, a stylyl colorant, ahemi 
cyanine colorant, amerocyanine colorant (including Zerome 
thine merocyanine (simple merocyanine)), a three-nucleus 
merocyanine colorant, a four-nucleus merocyanine colorant, 
a rhodacyanine colorant, a complex cyanine colorant, a 
complex merocyanine colorant, an allopolar colorant, an 
oxonol colorant, a hemioxonol colorant, a squalirium colo 
rant, a croconium colorant, an aZamethine colorant, a cou 
marin colorant, an arylidene colorant, an anthraquinone 
colorant, a triphenylmethane colorant, an aZo colorant, an 
aZomethine colorant, a spyro compound, a metallocene 
colorant, a ?uorenone colorant, a fulgide colorant, a 
perylene colorant, a phenaZine colorant, a phenothiaZine 
colorant, a quinone colorant, an indigo colorant, a diphe 
nylmethane colorant, a polyene colorant, an acrydine colo 
rant, an acrydinone colorant, a diphenylamine colorant, a 
quinacridone colorant, a quinophthalone colorant, a phenox 
aZine colorant, a phthaloperylene colorant, a porphyrin 
colorant, a chlorophyll colorant, a phthalocyanine colorant, 
a metallic complex colorant, and a condensed aromatic 
carbocyclic colorant (such as a naphthalene derivative, an 
anthracene derivative, a phenanthrene derivative, a tetracene 
derivative, a pyrene derivative, a perylene derivative and a 
foluorantene derivative). 

[0084] The metallic complex compound Will be described. 
The metallic complex compound is a metallic complex 
having at least one ligand containing a nitrogen atom, an 
oxygen atom or a sulfur atom coordinate to a metal. The 
metallic ion contained in the metallic complex is not par 
ticularly limited, and preferred examples thereof include a 
beryllium ion, a magnesium ion, an aluminum ion, a gallium 
ion, a Zinc ion, an indium ion and a tin ion, more preferably 
a beryllium ion, an aluminum ion, a gallium ion and a Zinc 
ion, and further preferably an aluminum ion and a Zinc ion. 
The ligand contained in the metallic complex may be 
selected from various knoW ligands, and examples thereof 
include ligands disclosed in H. Yersin, “Photochemistry and 
Photophysics of Coordination Compounds”, Springer-Ver 
lag AG (1987), and A. Yamamoto, “Yuki KinZoku Kagaku 
(Kiso to Oyo)” (Organic Metal Chemistry (Fundamentals 
and Applications)), Shokabo Publishing Co., Ltd. (1982). 

[0085] Preferred examples of the ligand include a nitro 
gen-containing heterocyclic ligand (preferably having from 
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1 to 30 carbon atoms, more preferably from 2 to 20 carbon 
atoms, and particularly preferably from 3 to 15 carbon 
atoms, Which may be a unidentate ligand or a bidentate 
ligand, and preferably a bidentate ligand, such as a pyridine 
ligand, a bipyridyl ligand, a quinolinol ligand, and a hydrox 
yphenylaZole ligand (e.g., a hydroxyphenylbenZimidaZole 
ligand, a hydroxyphenylbenZoxaZole ligand and a hydrox 
yphenylimidaZole ligand))), an aloxy ligand (preferably 
having from 1 to 30 carbon atoms, more preferably from 1 
to 20 carbon atoms, and further preferably from 1 to 10 
carbon atoms, such as methoxy, ethoxy, butoxy and 2-eth 
ylhexyloxy), an aryloxy ligand (preferably having from 6 to 
30 carbon atoms, more preferably from 6 to 20 carbon 
atoms, and further preferably from 6 to 12 carbon atoms, 
such as phenyloxy, 1-naphthyloxy, 2-naphthyloxy, 2,4,6 
trimethylphenyloxy and 4-biphenyloxy), a heteroaryloxy 
ligand (preferably having from 1 to 30 carbon atoms, more 
preferably from 1 to 20 carbon atoms, and further preferably 
from 1 to 12 carbon atoms, such a pyridyloxy, pyraZyloxy, 
pyrimidyloxy and quinolyloxy), an alkylthio ligand (prefer 
ably having from 1 to 30 carbon atoms, more preferably 
from 1 to 20 carbon atoms, and further preferably from 1 to 
12 carbon atoms, such as methylthio and ethylthio), an 
arylthio ligand (preferably having from 6 to 30 carbon 
atoms, more preferably from 6 to 20 carbon atoms, and 
further preferably having from 6 to 12 carbon atoms, such as 
phenylthio), a heterocyclic ring-substituted thio ligand (pref 
erably having from 1 to 30 carbon atoms, more preferably 
from 1 to 20 carbon atoms, and further preferably from 1 to 
12 carbon atoms, such as pyridylthio, 2-benZylmida 
Zolylthio, 2-benZoxaZolylthio and 2-benZthiaZolylthio), and 
a siloxy ligand (preferably having from 1 to 30 carbon 
atoms, more preferably from 3 to 25 carbon atoms, and 
particularly preferably from 6 to 20 carbon atoms, such as a 
triphenylsiloxy group, a triethoxysiloxy group and a triiso 
propylsiloxy group), more preferably a nitrogen-containing 
heterocyclic ligand, an aryloxy ligand, a heteroaryloxy 
group and a siloxy ligand, and further preferably a nitrogen 
containing heterocyclic ligand, an aryloxy ligand and a 
siloxy ligand. 
[0086] In the invention, the photoelectric conversion 
device preferably has, betWeen a pair of electrodes, such a 
photoelectric conversion ?lm (photosensitive layer) that has 
a p-type semiconductor layer and an n-type semiconductor 
layer, at least one of Which is an organic semiconductor, and 
has, as an intermediate layer betWeen the semiconductor 
layers, a bulk hetero junction structure layer containing the 
p-type semiconductor and the n-type semiconductor. In this 
case, the organic layer contains the bulk hetero junction 
structure in the photoelectric conversion ?lm, Whereby the 
defect due to the short carrier diffusion length in the organic 
layer is compensated to improve the photoelectric conver 
sion ef?ciency. The bulk hetero junction structure is 
described in detail in Japanese Patent Application No. 2004 
080639. 

[0087] In the invention, it is preferred that the device 
contains a photoelectric conversion ?lm (photosensitive 
layer) having a structure containing tWo or more repeating 
structures (tandem structures) of a pn-junction layer formed 
of a p-type semiconductor layer and an n-type semiconduc 
tor layer betWeen a pair of electrodes, and it is more 
preferred that a thin layer of an electroconductive layer is 
inserted betWeen the repeating structures. The number of the 
repeating structures (tandem structures) of the pn-junction 
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layer is not particularly limited, and is preferably from 2 to 
50, more preferably from 2 to 30, and particularly preferably 
from 2 or 10, for improving the photoelectric conversion 
ef?ciency. Preferred examples of the electroconductive 
material include silver and gold, and silver is most preferred. 
The tandem structure is described in detail in Japanese 
Patent Application No. 2004-079930. 

[0088] In the photoelectric conversion ?lm containing a 
p-type semiconductor layer and an n-type semiconductor 
layer (preferably a mixed and dispersed layer (bulk hetero 
junction layer) betWeen a pair of electrodes), it is preferred 
that at least one of the p-type semiconductor and the n-type 
semiconductor contains an organic compound controlled in 
orientation, and it is more preferred that both the p-type 
semiconductor and the n-type semiconductor contain an 
organic compound controlled (or capable of being con 
trolled) in orientation. Preferred examples of the organic 
compound used in the organic layer of the photoelectric 
conversion ?lm include a compound having a J's-conjugate 
electron, and it is preferred that the J's-electron plane is not 
perpendicular to the substrate (electrode substrate) but is 
inclined at an angle close to the parallel direction. The angle 
With respect to the substrate is preferably from 0 to 80°, 
more preferably from 0 to 60°, further preferably from 0 to 
40°, still further preferably from 0 to 20°, particularly 
preferably from 0 to 100, and most preferably 0° (i.e., in 
parallel to the substrate). The layer of the organic compound 
controlled in orientation occupies at least a part of the entire 
organic layer, and it is preferred that the part having been 
controlled in orientation is in a proportion of 10% or more, 
more preferably 30% or more, further preferably 50% or 
more, still further preferably 70% or more, particularly 
preferably 90% or more, and most preferably 100%, based 
on the entire organic layer. In the aforementioned constitu 
tion, the organic compound in the organic layer is controlled 
in orientation in the photoelectric conversion ?lm, Whereby 
the defect due to the short carrier diffusion length in the 
organic layer is compensated to improve the photoelectric 
conversion ef?ciency. 
[0089] In the case Where the organic compound is con 
trolled in orientation, it is preferred that the hetero junction 
plane (such as the pn-junction plane) is not in parallel to the 
substrate. The hetero junction plane is preferably not in 
parallel to the substrate (electrode substrate) and is prefer 
ably oriented in an angle close to the perpendicular as much 
as possible. The angle With respect to the substrate is 
preferably from 10 to 90°, more preferably from 30 to 90°, 
further preferably from 50 to 90°, still further preferably 
from 70 to 90°, particularly preferably from 80 to 90°, and 
most preferably 90° (i.e., perpendicular to the substrate). It 
is suf?cient that the layer of the organic compound con 
trolled in hetero junction plane is contained at least a part of 
the entire organic layer. The proportion of the part controlled 
in orientation is preferably 10% or more, more preferably 
30% or more, further preferably 50% or more, still further 
preferably 70% or more, particularly preferably 90% or 
more, and most preferably 100%, based on the entire organic 
layer. According to the constitution, the area of the hetero 
junction plane in the organic layer is increased to increase 
the amounts of carriers, such as electrons, positive holes and 
pairs of an electron and a positive hole, Whereby the 
photoelectric conversion ef?ciency is improved. In particu 
lar, the photoelectric conversion ef?ciency can be improved 
in the photoelectric conversion ?lm having been controlled 
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in both hetero junction plane and J's-electron plane of the 
organic compound. The constitutions are described in detail 
in Japanese Patent Application No. 2004-079931. 

[0090] In vieW of light absorption, the thickness of the 
organic colorant layer is preferably as large as possible, but 
in consideration of a part that does not contribute to charge 
separation, the thickness of the organic colorant layer in the 
invention is preferably from 30 to 300 nm, more preferably 
from 50 to 250 nm, and particularly preferably from 80 to 
200 nm. 

[0091] The layer containing the organic compound may be 
formed by a dry ?lm forming method or a Wet ?lm forming 
method. Speci?c examples of the dry ?lm forming method 
include a physical vapor phase groWing method, such as a 
vacuum deposition method, a sputtering method, an ion 
plating method and an MBE method, and a CVD method, 
such as a plasma polymeriZation method. Examples of the 
Wet ?lm forming method include a casting method, a spin 
coating method, a dipping method and an LB method. 

[0092] In the case Where a polymer compound is used as 
at least one of the p-type semiconductor (compound) and the 
n-type semiconductor (compound), it is preferably formed 
by a Wet ?lm forming method for facilitating production. In 
the case Where the dry ?lm forming method, such as vapor 
deposition, is employed, it is di?icult to perform since a 
polymer is liable to be decomposed, and an oligomer may be 
used instead. In the case Where a loW molecular Weight 
compound is used in the invention, on the other hand, the dry 
?lm forming method is preferably employed, and in par 
ticular a vacuum deposition method is preferably employed. 
The vacuum deposition method includes such basic param 
eters as the method of heating a compound, e. g., a resistance 
heating vapor deposition method and an electron beam 
heating vapor deposition method, the shape of a vapor 
deposition source, e.g., a crucible and a boat, the degree of 
vacuum, the vapor deposition temperature, the substrate 
temperature, and the vapor deposition rate. In order to 
perform uniform vapor deposition, it is preferred that vapor 
deposition is performed While the substrate is rotated. The 
degree of vacuum is preferably as high as possible, and the 
vapor deposition is preferably carried out at a pressure of 
10 Torr or less, more preferably 10'6 Torr or less, and 
particularly preferably 10-8 Torr or less. All the process 
steps in the vapor deposition are preferably carried out in 
vacuum, in Which the compounds are basically prevented 
from being in direct contact With oxygen and Water in the 
exterior. The aforementioned parameters in vapor deposition 
have in?uence on the crystallinity, the amorphous property, 
the density and the compactness of the organic ?lm, and thus 
they are necessarily controlled precisely. The vapor deposi 
tion rate is preferably subjected to PI control or PID control 
by using a quartz oscillator and a thickness monitor, such as 
an interferometer. In the case Where tWo or more kinds of 

compounds are vapor-deposited simultaneously, a co-vapor 
deposition method and a ?ash vapor deposition method are 
preferably employed. 
[0093] It is preferred that the organic photoelectric con 
version ?lm of the invention is held by a pair of electrodes, 
Which form a pixel electrode and a counter electrode, 
respectively. It is preferred that the loWer electrode forms a 
pixel electrode. 
[0094] The counter electrode preferably takes out a posi 
tive hole from a positive hole transporting photoelectric 
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conversion ?lm or a positive hole transporting layer, and is 
formed of such a material as a metal, an alloy, a metallic 
oxide, an electroconductive compound and a mixture 
thereof. The pixel electrode preferably takes out an electron 
from an electron transporting photoelectric conversion layer 
or an electron transporting layer, and is selected in consid 
eration of the adhesion property to the adjacent layer, such 
as an electron transporting photoelectric conversion layer 
and an electron transporting layer, the electron a?inity, the 
ioniZation potential, and the stability. Speci?c examples of 
the electrodes include an electroconductive metallic oxide, 
such as tin oxide, Zinc oxide, indium oxide, indium tin oxide 
(ITO) and indium Zinc oxide (IZO), a metal, such as gold, 
silver, chromium and nickel, a mixture or an stacked mate 
rial of the metal and the electroconductive metallic oxide, an 
inorganic electroconductive substance, such as copper 
iodide and copper sul?de, an organic electroconductive 
material, such as polyaniline, polythiophene and polypyr 
role, a silicon compound, and an stacked product of at least 
one of these materials With ITO, and preferably an electro 
conductive metallic oxide, With ITO and IZO being particu 
larly preferred from the standpoint of productivity, high 
electroconductivity and transparency. 

[0095] The pixel electrode and the counter electrode may 
be produced by various methods depending on the material 
therefor, and an electrode of ITO may be produced, for 
example, by an electron beam method, a sputtering method, 
a resistance heating vapor deposition method, a chemical 
reaction method (such as a sol-gel method) or a method of 
coating an indium tin oxide dispersion. An electrode formed 
of ITO may be subjected to an UV treatment, an oZone 
treatment or a plasma treatment. 

[0096] In the invention, the transparent electrode ?lm is 
preferably produced under conditions free of plasma. By 
producing the transparent electrode ?lm under conditions 
free of plasma, the in?uence of plasma on the substrate can 
be reduced to improve the photoelectric conversion charac 
teristics. The conditions free of plasma herein means that no 
plasma is generated during the production of the ?lm, or the 
distance betWeen the plasma generation source to the sub 
strate during the production of the ?lm is 2 cm or more, 
preferably 10 cm or more, and more preferably 20 cm or 
more, so as to reduce the amount of plasma reaching the 
substrate. 

[0097] Examples of an apparatus Where no plasma is 
generated during the production of transparent electrode ?lm 
include an electron beam vapor deposition apparatus (EB 
vapor deposition apparatus) and a pulse laser vapor depo 
sition apparatus. Examples of the EB vapor deposition 
apparatus and the pulse laser vapor deposition apparatus 
include those described in Y. SaWada, “Toumei Douden 
Maku no Shintenkai” (NeW Developments of Transparent 
Electroconductive Films), CMC Press (1999), Y. SaWada, 
“Toumei Douden Maku no Shintenkai II” (NeW Develop 
ments of Transparent Electroconductive Films II), CMC 
Press (2002), Japan Society for the Promotion of Science, 
“Toumei Douden Maku no Gijutu” (Techniques of Trans 
parent Electroconductive Films), Ohmsha Co., Ltd. (1999), 
and the apparatuses cited in the references of these litera 
tures. In the folloWing description, a method for producing 
the transparent electrode ?lm by using an EB vapor depo 
sition apparatus is referred to as an EB vapor deposition 
method, and a method for producing the transparent elec 
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trode ?lm by using a pulse laser vapor deposition apparatus 
is referred to as a pulse laser vapor deposition method. 

[0098] An apparatus capable of realizing such conditions 
Where the distance betWeen a plasma generation source to 
the substrate is 2 cm or more to reduce the amount of plasma 
reaching the substrate (Which is hereinafter referred to as a 
plasma free ?lm forming apparatus) includes, for example, 
a counter target sputtering apparatus and an arc plasma 
vapor deposition method, examples of Which include appa 
ratuses disclosed in Y. SaWada, “Toumei Douden Maku no 
Shintenkai” (New Developments of Transparent Electrocon 
ductive Films), CMC Press (1999), Y. SaWada, “Toumei 
Douden Maku no Shintenkai II” (New Developments of 
Transparent Electroconductive Films II), CMC Press (2002), 
Japan Society for the Promotion of Science, “Toumei 
Douden Maku no Gijutu” (Techniques of Transparent Elec 
troconductive Films), Ohmsha Co., Ltd. (1999), and the 
apparatuses cited in the references of these literatures. 

[0099] The electrode of the organic electromagnetic Wave 
absorbing/photoelectric conversion part Will be described in 
more detail. The photoelectric conversion ?lm of the organic 
layer is held betWeen the pixel electrode ?lm and the counter 
electrode ?lm and may contain an interelectrode material. 
The pixel electrode ?lm is an electrode ?lm formed above 
the substrate in an area Where the charge accumulation/ 
transfer/readout part is formed, and is generally separated to 
each pixel. This is because the signal charge thus converted 
by the photoelectric conversion ?lm is read out per one pixel 
on the substrate of the charge accumulation/transfer/readout 
part to obtain an image. 

[0100] The counter electrode ?lm has such a function that 
discharges a signal charge having the opposite polarity to the 
converted signal charge by holding the photoelectric con 
version ?lm With the pixel electrode ?lm. The discharge of 
the signal charge may not be separated to each pixel, and 
therefor, the counter electrode ?lm is generally common to 
all the pixels. Therefore, the counter electrode ?lm is some 
times referred to as a common electrode ?lm. 

[0101] The photoelectric conversion ?lm is positioned 
betWeen the pixel electrode ?lm and the counter electrode 
?lm. The photoelectric conversion function is exerted With 
the photoelectric conversion ?lm With the pixel electrode 
?lm and the counter electrode ?lm. 

[0102] Examples of the constitution of the photoelectric 
conversion stacked layer include, in the case Where only one 
organic layer is stacked on a substrate, such a structure that 
contains a substrate having stacked in this order a pixel 
electrode ?lm (Which is generally a transparent electrode 
?lm), a photoelectric conversion ?lm, and a counter elec 
trode ?lm (Which is a transparent electrode ?lm), but the 
invention is not limited to the constitution. 

[0103] In the case Where tWo organic layer are stacked on 
a substrate, examples of the constitution include such a 
structure that contains a substrate having stacked in this 
order a pixel electrode ?lm (Which is generally a transparent 
electrode ?lm), a photoelectric conversion ?lm, a counter 
electrode ?lm (Which is a transparent electrode ?lm), an 
interlayer insulating ?lm, a pixel electrode ?lm (Which is 
generally a transparent electrode ?lm), a photoelectric con 
version ?lm, and a counter electrode ?lm (Which is a 
transparent electrode ?lm). 
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[0104] The material for the transparent electrode ?lm 
constituting the photoelectric conversion part is preferably a 
material capable of forming a ?lm by a plasma free ?lm 
forming apparatus, such as an EB vapor deposition appara 
tus and a pulse laser vapor deposition apparatus. Examples 
thereof include a metal, an alloy, a metallic oxide, a metallic 
nitride, a metallic boride, an organic electroconductive com 
pound and a mixture thereof, and speci?c examples thereof 
include an electroconductive metallic oxide, such as tin 
oxide, Zinc oxide, indium oxide, indium Zinc oxide (IZO), 
indium tin oxide (ITO) and indium tungsten oxide (IWO), a 
metallic nitride, such as titanium nitride, a metal, such as 
gold, platinum, silver, chromium, nickel and aluminum, a 
mixture and an stacked material of the metal and the 
electroconductive metallic oxide, an inorganic electrocon 
ductive substance, such as copper iodide and copper sul?de, 
an organic electroconductive material, such as polyaniline, 
polythiophene and polypyrrole, and an stacked product of at 
least one of these materials With ITO. Examples thereof also 
include those described in Y. SaWada, “Toumei Douden 
Maku no Shintenkai” (NeW Developments of Transparent 
Electroconductive Films), CMC Press (1999), Y. SaWada, 
“Toumei Douden Maku no Shintenkai II” (NeW Develop 
ments of Transparent Electroconductive Films II), CMC 
Press (2002), Japan Society for the Promotion of Science, 
“Toumei Douden Maku no Gijutu” (Techniques of Trans 
parent Electroconductive Films), Ohmsha Co., Ltd. (1999). 
[0105] Particularly preferred examples of the material for 
the transparent electrode ?lm include ITO, IZO, SnO2, ATO 
(antimony-doped tin oxide), ZnO, AZO (aluminum-doped 
Zinc oxide), GZO (gallium-doped Zinc oxide), TiO2 and FTO 
(?uorine-doped tin oxide) The light transmittance of the 
transparent electrode ?lm is preferably 60% or more, more 
preferably 80% or more, further preferably 90% or more, 
and still further preferably 95% or more, at the photoelectric 
conversion light absorption peak Wavelength of the photo 
electric conversion ?lm contained in the photoelectric con 
version device containing the transparent electrode ?lm. The 
surface resistance of the transparent electrode ?lm varies in 
preferred range thereof depending on Whether it is a pixel 
electrode or a counter electrode, and Whether the charge 
accumulation/transfer/readout part has a CCD structure or a 
CMOS structure. In the case Where the transparent electrode 
?lm is used as a counter electrode, and the charge accumu 
lation/transfer/readout part has a CMOS structure, the sur 
face resistance of the transparent electrode is preferably 
10,0009 per square or less, and more preferably 1,0009 per 
square or less. In the case Where the transparent electrode 
?lm is used as a counter electrode, and the charge accumu 
lation/transfer/readout part has a CCD structure, the surface 
resistance of the transparent electrode is preferably 1,0009 
per square or less, and more preferably 1009 per square or 
less. In the case Where the transparent electrode ?lm is used 
as a pixel electrode, the surface resistance of the transparent 
electrode is preferably 1,000,0009 per square or less, and 
more preferably 100,0009 per square or less. 

[0106] The conditions for forming the transparent elec 
trode ?lm Will be described. The substrate temperature, on 
Which the transparent electrode ?lm is formed, is preferably 
5000 C. or less, more preferably 300° C. or less, further 
preferably 2000 C. or less, and still further preferably 150° 
C. or less. The transparent electrode ?lm may be formed 
under introduction of a gas, Which is not particularly limited, 
and examples of the gas include argon, helium, oxygen and 
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nitrogen. A mixed gas of them may also be used. In the case 
Where the material is an oxide, oxygen is preferably used for 
preventing oxygen defects from being formed. 

[0107] It is preferred that a voltage is applied to the 
photoelectric conversion ?lm of the invention since the 
photoelectric conversion e?iciency is improved. The applied 
voltage is not particularly limited, and the necessary voltage 
varies depending on the thickness of the photoelectric con 
version ?lm. The photoelectric conversion ef?ciency is 
improved by increasing the electric ?eld applied to the 
photoelectric conversion ?lm, but the electric ?led applied is 
increased When the thickness of the photoelectric conversion 
?lm is decreased With the same applied voltage. Therefore, 
in the case Where the thickness of the photoelectric conver 
sion ?lm is small, the applied voltage may be relatively 
small. The electric ?eld applied to the photoelectric conver 
sion 3?lm is preferably 10 V/m or more, more preferably 
l><l0 V/m or more, further preferably l><l05 V/m or more, 
particularly preferably l><l06 V/m or more, and most pref 
erably l><l07 V/m or more. There is no particular upper limit 
in the applied electric ?eld, but an excessive electric ?eld is 
not preferred since an electric current ?oWs in a dark 
condition, and the electric ?eld is preferably l><l0l2 V/m or 
less, and more preferably l><l09 V/m or less. 

[0108] The inorganic layer as the inorganic photoelectric 
conversion ?lm of the invention Will be described. 

[0109] The light having been transmitted through the 
organic layer as an upper layer is then photoelectrically 
converted in the inorganic layer. As the inorganic layer, a 
pn-junction or a pin-junction of crystalline silicon, amor 
phous silicon or a compound semiconductor, such as GaAs, 
is generally used. The method disclosed in Us. Pat. No. 
5,965,875 may be used as an stacked structure therefor, 
Which is such a constitution that a light receiving part is 
formed as an stacked layer by utiliZing the Wavelength 
dependency of the absorption coef?cient of silicon, and 
color separation is performed in the depth direction thereof. 
In this case, color separation is performed by the light 
penetration depth of silicon, and thus the spectral range 
detected by each light receiving part becomes broad. HoW 
ever, since the aforementioned organic layer is provided as 
an upper layer, color separation is considerably improved by 
detecting the light having been transmitted through the 
organic layer in the depth direction of silicon. In particular, 
When the G layer is disposed in the organic layer, the light 
transmitted through the organic layer contains blue light and 
red light, and only color separation betWeen blue light and 
red light is performed in the depth direction of silicon to 
improve the color separation. In the case Where the organic 
layer contains the B layer and the R layer, the color 
separation is considerably improved by appropriately select 
ing the electromagnetic Wave absorbing/photoelectric con 
version part in the depth direction of silicon. In the case 
Where the organic layer contains tWo layers, the function of 
the electromagnetic Wave absorbing/photoelectric conver 
sion part in silicon may be exerted for only one color, 
Whereby the color separation is favorably attained. 

[0110] The inorganic layer preferably has such a structure 
that plural photodiodes are stacked as multilayer in the depth 
direction of the semiconductor substrate per each pixel, and 
color signals corresponding to signal charge generated in 
each photodiode through absorption of light by the plural 
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photodiodes is read out to the exterior. It is preferred that the 
plural photodiodes contain at least one of a ?rst photodiode 
provided at the depth Where blue light is absorbed, and a 
second diode provided at the depth Where red light is 
absorbed, and a color signal readout circuit is provided for 
reading out the color signals corresponding to the signal 
charge generated in the plural photodiodes. According to the 
constitution, color separation can be performed Without a 
color ?lter. In some cases, light of negatively sensitive 
component can be detected, and color imaging can be 
attained With good color reproducibility. It is preferred in the 
invention that the junction part of the ?rst photodiode is 
formed at a depth of about 0.2 pm or less from the surface 
of the semiconductor substrate, and the junction part of the 
second photodiode is formed at a depth of about 2 um or less 
from the surface of the semiconductor substrate. 

[0111] The inorganic layer Will be described in more 
detail. Preferred examples of the constitution of the inor 
ganic layer include a light receiving element of a photocon 
ductive type, a p-n junction type, a Schottky junction type, 
a PIN junction type or an MSN (metal-semiconductor 
metal) type, and a phototransistor type light receiving ele 
ment. In the invention, such a light receiving element is 
preferably used that regions of a ?rst electroconductive type 
and regions of a second electroconductive type, Which is 
opposite to the ?rst electroconductive type, are plurally 
stacked, and the junction surfaces betWeen the regions of the 
?rst electroconductive type and the second electroconduc 
tive type are formed at depths suitable for performing 
photoelectric conversion of light of plural Wavelength 
ranges different from each other, respectively. The single 
semiconductor substrate is preferably single crystal silicon, 
by Which color separation can be performed by utiliZing the 
absorption Wavelength characteristics depending on the 
depth direction of the silicon substrate. 

[0112] As the inorganic semiconductor, an InGaN series, 
an InAlN series, an InAlP series and an InGaAlP series may 
also be used. An inorganic semiconductor of an n-GaN 
series is adjusted to have a maximum absorption value 
Within a Wavelength range of blue light by appropriately 
controlling the content of In, and thus has a composition, 
IrkGaLXN (Wherein 0§x<l) This compound semiconductor 
can be produced by using an organic metal vapor phase 
groWing method (MOCVD method). An InAlN series nitride 
compound semiconductor using Al, Which is a 13 Group 
element as similar to Ga, can also be utiliZed as the short 
Wavelength light receiving part as similar to the InGaN 
series. InAlP and InGaAlP, Which perform lattice matching 
With a GaAs substrate, may also be used. 

[0113] The inorganic semiconductor may have an embed 
ded structure. The embedded structure is such a constitution 
that both ends of the short Wavelength light receiving part 
are covered With a semiconductor different from the short 
Wavelength light receiving part. The semiconductor cover 
ing the both ends is preferably a semiconductor having a 
band gap Wavelength shorter than or equivalent to the band 
gap Wavelength of the short Wavelength light receiving part. 
[0114] The organic layer and the inorganic layer may be 
joined in any mode. An insulating layer is preferably pro 
vided betWeen the organic layer and the inorganic layer for 
electrically insulating them. 
[0115] The junction preferably forms npn or pnpn from the 
light incident side. In particular, the pnpn junction is more 
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preferred since a p-type layer is provided on the surface to 
increase the surface potential, Whereby a positive hole 
generated in the vicinity of the surface and a dark electric 
current can be trapped to loWer the dark electric current. 

[0116] In the photodiode of this type, pn-junction diodes 
having four layers of pnpn in the depth direction of silicon 
are formed by providing an n-type layer, a p-type layer, an 
n-type layer and a p-type layer, Which are di?‘used in this 
depth order from the surface of a p-type silicon substrate. 
Light incident on the surface side of the diode penetrates to 
a larger depth With a longer Wavelength, in Which the 
incident light Wavelength and the attenuation coe?icients are 
values inherent to silicon, and thus the device is designed in 
such a manner that the depths of the pn-junctions cover the 
respective Wavelength regions of visible light, respectively. 
Similarly, a junction diode having three layers of npn can be 
obtained by forming an n-type layer, a p-type layer and an 
n-type layer in this order. A light signal is taken out from the 
n-type layer, and the p-type layer is grounded. 

[0117] Extraction electrodes are provided to each region, 
to Which a prescribed reset voltage, Whereby the regions are 
depleted, and capacities of the junctions become in?nitely 
small values. According to the operation, the capacity occur 
ring at the junction surface can be extremely small. 

[0118] In the invention, the photoelectric conversion 
device preferably has an ultraviolet ray absorbing layer 
and/or an infrared ray absorbing layer on the electromag 
netic Wave absorbing/photoelectric conversion part. The 
ultraviolet ray absorbing layer absorbs or re?ects light 
having a Wavelength of 400 nm or less and preferably has an 
absorptivity of 50% or more in a Wavelength range of 400 
nm or less. The infrared ray absorbing layer absorbs or 
re?ects light having a Wavelength of 700 nm or more and 
preferably has an absorptivity of 50% or more in a Wave 
length range of 700 nm or more. 

[0119] The ultraviolet ray absorbing layer and the infrared 
ray absorbing layer can be formed by a knoWn method. For 
example, such a method has been knoWn that a mordant 
layer formed of a hydrophilic polymer, such as gelatin, 
casein, glue and polyvinyl alcohol, is provided on a sub 
strate, and the mordant layer is added or died With a colorant 
having a desired absorption Wavelength to form a colored 
layer. Furthermore, a method of using a colored resin having 
a certain kind of a coloring material dispersed in a trans 
parent resin is also knoWn. For example, a colored resin ?lm 
formed by mixing a coloring material With a polyamino 
resin can be used as described in JP-A-58-46325, JP-A-60 
78401, JP-A-60-l84202, JP-A-60-l84203, JP-A-60-l 84204 
and JP-A-60-l84205. A coloring material using a polyimide 
resin having photosensitivity may also be used. 

[0120] A coloring material may be dispersed in an aro 
matic polyamide resin capable of providing a hardened ?lm 
at 200° C. or less having a photosensitive group in the 
molecule disclosed in JP-B-7-ll3685, and a colored resin 
having a pigment dispersed therein as described in JP-B-7 
69486 may also be used. 

[0121] In the invention, a dielectric multilayer ?lm is 
preferably used. The dielectric multilayer ?lm is preferably 
used since it has a sharp Wavelength dependency of light 
transmission. 

[0122] The electromagnetic Wave absorbing/photoelectric 
conversion parts are preferably separated With an insulating 
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layer. The insulating layer can be formed With a transparent 
insulating material, such as glass, polyethylene, polyethyl 
ene terephthalate, polyether sulfone and polypropylene. Sili 
con nitride and silicon oxide may also be preferably used. A 
silicon nitride ?lm formed by plasma CVD is preferably 
used in the invention oWing to the high transparency thereof. 

[0123] In order to prevent the photoelectric conversion 
device from suffering from damages on process and from 
being in contact With oxygen and Water, a protective layer or 
a sealing layer. Examples of the protective layer include an 
inorganic material ?lm, such as a diamond thin ?lm, a 
metallic oxide and a metallic nitride, a polymer ?lm, such as 
a ?uorine resin, poly-p-xylene, polyethylene, a silicone resin 
and a polystyrene resin, and a photocurable resin. Silicon 
nitride and silicon oxide may also be preferably used. A 
silicon nitride ?lm formed by plasma CVD is preferably 
used in the invention oWing to the high transparency thereof. 
The CVD method includes various methods, such as an 
IPC-CVD method and a Cat-CVD method, in addition to a 
plasma-assisted method, Which may be appropriately 
selected in the invention. A protective ?lm having both 
barrier property as a protective ?lm and ?exibility can be 
obtained by using silicon nitride and silicon oxide as a 
multilayer structure. Silicon nitride having a compositional 
ratio near the stoichiometric composition exhibits good 
capability as a protective ?lm and is preferably used. An 
organic EL element is produced by an ordinary mask 
method. The photoelectric conversion device of the inven 
tion requires such miniaturization that is equivalent to a 
CCD or CMOS imaging device, and therefore, a patterning 
process of an organic semiconductor by photolithography is 
necessarily employed. Therefore, the protective layer is 
demanded to have process durability on microfabrication in 
addition to the time lapse storage stability. As a result of 
investigations on the production process and the process 
durability of the photoelectric conversion device of the 
invention, it has been found that a protective ?lm having a 
multilayer structure containing three or more layers is nec 
essary. 

[0124] It is also possible that the device is covered With 
glass, gas-impermeable plastics or a metal, and the device 
itself is packaged With a suitable sealing resin. In this case, 
a substance having high Water absorbance may be incorpo 
rated in the package. 

[0125] Such an embodiment is also preferred that a micro 
lens array is formed above the light receiving element to 
improve the light collecting e?iciency. 

[0126] The charge transfer/readout part may be constituted 
by referring to JP-A-58-l03l66, JP-A-58-l03l65 and JP-A 
2003-332551. Examples thereof include a constitution con 
taining a semiconductor substrate having formed thereon 
MOS transistors for each pixel, and a constitution containing 
a CCD as an element. In the case of a photoelectric con 

version device using MOS transistors, for example, charge 
is generated in the photoelectric conversion ?lm by incident 
light passing through the electrode, and the charge (an 
electrons or a positive hole) reaches the electrodes through 
the photoelectric conversion ?lm With an electric ?eld 
formed betWeen the electrodes upon applying a voltage to 
the electrodes. The charge then reaches the charge accumu 
lation part of the MOS transistor and is accumulated in the 
charge accumulation part. The charge (an electron or a 
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positive hole) accumulated in the charge accumulation part 
migrates to the charge readout part through switching of the 
MOS transistor and output as an electric signal. According 
to the operation, a full color image signal is input to the solid 
imaging device containing the signal processing part. 

[0127] It is possible that after injecting a predetermined 
amount of bias charge to the accumulation diode (refresh 
mode), a prescribed amount of charge is accumulated (pho 
toelectric conversion mode), and the signal charge is read 
out. The light receiving element may be used as it is as the 
accumulation diode, or the accumulation diode may be 
provided separately. 
[0128] The signal readout operation Will be described in 
more detail. The signal readout operation may be performed 
With an ordinary color readout circuit. The signal charge or 
signal electric current having been photoelectrically con 
verted in the light receiving part is accumulated in the light 
receiving part itself or a capacitor attached thereto. The 
accumulated charge is read out With selection of pixel 
position by means of a MOS imaging device using an X-Y 
addressing system (i.e., a so-called CMOS sensor). Other 
examples of the address selecting system include such a 
method that each pixel is selected in sequence With a 
multiplexer sWitch and a digital shift register, so as to read 
out to a common output line as a signal voltage (or charge). 
A tWo-dimensionally arrayed X-Y addressing imaging 
device is knoWn as a CMOS sensor. In this device, a sWitch 
provided on a pixel connected to an intersection of the X and 
Y axes is connected to a vertical shift register, and upon 
turning on the sWitch With a voltage from the vertical 
scanning shift register, a signal read out from a pixel 
provided in the same line is read out to the column output 
line. The signal is sequentially read out from the output end 
through a sWitch driven by the horiZontal shift register. 

[0129] The readout operation of output signal may be 
performed by using a ?oating diffusion detector or a ?oating 
gate detector. The S/N ratio can be improved by providing 
a signal ampli?cation circuit on the pixel part or by using 
such a measure as correlated double sampling. 

[0130] The signal processing operation may be applied 
With gamma correction With an ADC circuit, digitaliZation 
With an AD converter, a brightness signal processing and a 
color signal processing. Examples of the color signal pro 
cessing include a White balance processing, a color separa 
tion processing and a color matrix processing. In the case 
Where the signal is applied to the NTSC signal, a conversion 
processing from RGB signal to YIQ signal may be per 
formed. 

[0131] It is necessary that the charge mobility of the 
charge transfer/readout part is 100 cm2/V sec or more, and 
the charge mobility can be obtained by selecting the material 
therefor from semiconductors belonging to the IV Group, 
the III to V Groups and the II to VI Groups. Among these, 
a silicon semiconductor (hereinafter, sometimes referred to 
as Si semiconductor) is preferred oWing to the advanced 
miniaturization technique therefor and the loW cost. Various 
structures and systems have been proposed for the charge 
transfer/readout part, and the MOS system and a CCD 
system are preferred although any of them may be used. 
Particularly preferred examples thereof include a device 
using an Si semiconductor having a MOS structure. In the 
invention, the CMOS structure is preferred in many cases 
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from the standpoint of high-speed readout, pixel addition, 
partial readout and electric poWer consumption. The signal 
readout operation may be performed by utiliZing either 
charge of an electron or a positive hole. 

[0132] The plural contact parts connecting the electromag 
netic Wave absorbing/photoelectric conversion parts and the 
charge transfer/readout part may be formed of any metal, 
and is preferably selected from copper, aluminum, silver, 
gold, chromium and tungsten, and particularly preferably 
copper. It is necessary that the contact parts are provided 
corresponding to the plural electromagnetic Wave absorbing/ 
photoelectric conversion parts, respectively, With the charge 
transfer/readout part. In the case Where an stacked structure 
containing plural photosensitive units of blue light, green 
light and red light, it is necessary that the extraction elec 
trodes and the charge transfer/readout parts for blue light, 
green light and red light are respectively connected. 

[0133] The stacked photoelectric conversion device of the 
invention can be produced by the so-called microfabrication 
process used for producing a knoWn integrated circuit. The 
process basically contains repetition of operations of pattern 
exposure With active light or an electron beam (such as an 
i- or g-line of mercury, excimer laser, an X-ray and an 
electron beam) pattern formation by development and/or 
burning, arrangement of element forming materials (such as 
coating, vapor deposition, sputtering and CV), and removal 
of the material in the non-pattern part (such as heat treatment 
and dissolution treatment). 

[0134] The chip siZe of the device may be the broWnie 
siZe, the 135 siZe, the APS siZe, l/1.s inch and smaller siZes. 
The pixel siZe of the stacked photoelectric conversion device 
of the invention is expressed in terms of a circle equivalent 
diameter corresponding to the maximum area of the plural 
electromagnetic Wave absorbing/photoelectric conversion 
parts. The pixel siZe is not particularly limited and is 
preferably from 2 to 20 um, more preferably from 2 to 10 
um, and particularly preferably from 3 to 8 pm. 

[0135] In the case Where the pixel siZe exceeds 20 pm, the 
resolution is loWered, and in the case Where the pixel siZe is 
smaller than 2 pm, the resolution is also loWered due to radio 
interference betWeen siZes. 

[0136] The photoelectric conversion device of the inven 
tion can be used in a video camera and is preferably used in 
a television camera. Other examples of the purposes thereof 
include a digital video camera, a security camera in such a 
location as an of?ce building, a parking space, a bank branch 
and an automatic loan application machine, a shopping mall, 
a convenience store, an outlet mall, a department store, a 
pinball parlor, a karaoke booth, an amusement arcade and a 
hospital, various sensors for such an equipment as a video 
intercom, a personal authentication sensor, a factory auto 
mation sensor, a domestic robot, an industrial robot and a 
piping inspection system, a medical sensor, such as an 
endoscope and a fundus camera, a video conference system, 
a videophone, a camera-equipped cellular phone, an auto 
mobile driving safety system, such as a rear monitor, a 
collision forecasting system and a lane keeping system, and 
a sensor for a video game. 

[0137] Among these, the photoelectric conversion device 
of the invention is particularly suitable for a television 
camera. This is because miniaturization and Weight saving 
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of a television camera can be realized by omitting a color 
separation optical system. Furthermore, the device is par 
ticularly suitable for a television camera for high de?nition 
broadcasting oWing to the high sensitivity and the high 
resolution thereof. The television camera for high de?nition 
broadcasting herein includes a camera for digital high de? 
nition broadcasting. 

[0138] In the photoelectric conversion device of the inven 
tion, an optical loW pass ?lter can be omitted, Which is 
preferred since further high sensitivity and high resolution 
can be expected. 

[0139] The photoelectric conversion device of the inven 
tion can be reduced in thickness and does not require a color 
separation optical system, and therefore, only one camera 
With the photoelectric conversion devices of the invention 
replaceable can deal With diverse needs of imaging, such as 
one segment shot including shooting objects requiring dif 
ferent sensitivities (such as different environments in bright 
ness including daylight and nighttime, and combination of a 
stationary object and a moving object) and one segment shot 
including different requirements in spectral sensitivity or 
color reproducibility. Accordingly, a camera operator is free 
of carriage of plural cameras to lighten load. The photoelec 
tric conversion devices to be replaced include those for the 
aforementioned objects, and photoelectric conversion 
devices for infrared imaging, monochrome imaging and 
changeover of dynamic ranges. 

[0140] A television camera using the photoelectric con 
version device of the invention can be produced With 
reference, for example, to “Television Camera no Sekkei 
Gijutu” (Design Techniques of Television Cameras), edited 
by the Institute of Image Information and Television Engi 
neers (published on Aug. 20, 1999 by Corona Publishing 
Co., Ltd., ISBN 4-339-00714-5), chapter 2, in such a manner 
that, for example, the color separation optical system and the 
imaging device in the basic constitution of a television 
camera shoWn in FIG. 2.1 are replaced by the photoelectric 
conversion device of the invention. 

[0141] The stacked light receiving element can be not only 
applied to an imaging device by arranging the plural ele 
ments, but also applied as a sole device to an optical sensor 
for a biosensor or a chemical sensor, and a color light 
receiving device. 

EXAMPLE 

[0142] Examples of the invention Will be described beloW, 
but the invention is not construed as being limited thereto. 

Example 1 

[0143] Results shoWing the importance of the thickness of 
the insulating ?lm betWeen the organic photoelectric con 
version ?lm and the inorganic photoelectric conversion ?lm 
are shoWn. 

[0144] Devices Were produced With a thickness of the 
organic photoelectric conversion ?lm of 200 nm, a pixel 
electrode siZe of the organic photoelectric conversion ?lm of 
3 um><3 um, a thickness of the insulating ?lm of 2 pm 
(invention), 6 pm (invention) or 10 um (comparison), a 
thickness of the inorganic photoelectric conversion ?lm of 
200 nm, a pixel siZe of 3 um><3 pm, a pitch Width betWeen 
pixels of l um, and a uniform refractive index. 
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[0145] With the thickness of the insulating ?lm of 2 pm, 
When the light ?ux applying a signal to the pixel of the 
organic photoelectric conversion ?lm had an angle of about 
30° from the photoelectric conversion ?lm plane, a 100% 
signal Was applied to the adjacent pixel of the inorganic 
photoelectric conversion ?lm. 

[0146] With the thickness of the insulating ?lm of 6 pm, 
When the light ?ux applying a signal to the pixel of the 
organic photoelectric conversion ?lm had an angle of about 
55° from the photoelectric conversion ?lm plane, a 100% 
signal Was applied to the adjacent pixel of the inorganic 
photoelectric conversion ?lm. 

[0147] With the thickness of the insulating ?lm of 10 pm, 
When the light ?ux applying a signal to the pixel of the 
organic photoelectric conversion ?lm had an angle of about 
70° from the photoelectric conversion ?lm plane, a 100% 
signal Was applied to the adjacent pixel of the inorganic 
photoelectric conversion ?lm. 

[0148] It Was understood that in the case Where the thick 
ness of the insulating ?lm Was 2 pm or 6 pm, the signal did 
not blur to the adjacent pixel With an ordinary incident angle 
of light ?ux, but in the case Where the thickness of the 
insulating ?lm Was 10 pm, the signal blurred to the adjacent 
pixel With an incident angle of light ?ux of 70°, Whereby the 
resolution Was deteriorated to fail to exhibit the performance 
of the multilayer photoelectric conversion device. 

Example 2 

[0149] In the case Where the same devices Were produced 
by changing the pixel siZe of the inorganic photoelectric 
conversion ?lm to 6 um><6 um While maintaining the pixel 
electrode siZe of the organic photoelectric conversion ?lm to 
3 um><3 um, even When the angle formed betWeen the 
incident light ?ux applying a signal to the pixel of the 
organic photoelectric conversion ?lm and the photoelectric 
conversion ?lm plane is decreased With the same thickness 
of the insulating ?lm, the signal can be applied to the same 
pixel of the inorganic photoelectric conversion ?lm. It Was 
understood that the inorganic photoelectric conversion ?lm 
performed photoelectric conversion of blue light or red light 
in the depth direction thereof, and it Was effective to the 
multilayer photoelectric conversion device that the number 
of pixels of the organic photoelectric conversion ?lm for 
green light Was larger than the number of pixels of the 
inorganic photoelectric conversion ?lm for blue light and 
red light. 

Example 3 

[0150] Results shoWing an improvement in S/N ratio in 
the multilayer structure of the organic photoelectric conver 
sion ?lm are shoWn. 

[0151] A quartZ substrate having a siZe of 2.5 cm square 
Was cleaned under application of ultrasonic Wave With 
acetone, Semicoclean (available from Furuuchi Co. Ltd.) 
and isopropyl alcohol (IPA) for 15 minutes each. After 
cleaning the substrate in boiling IPA ?nally, the substrate 
Was subjected to UV/O3 cleaning. On the substrate, an ITO 
?lm Was formed by sputtering to a thickness of 20 nm 
through a mask having tWo patterns having a Width of 5 mm 
and a spacing of 5 mm. The ITO ?lm had a surface resistance 
of 5009 per square. An n-type organic material, Alq3 
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(compound 1) and a p-type organic material, quinacridone 
(compound 2) Were sequentially vapor-deposited by resis 
tance heating in this order to 50 nm and 150 nm, respec 
tively, on the substrate. Thereafter, an ITO ?lm Was formed 
by sputtering to a thickness of 20 nm in the same manner as 

above through the same mask having been changed in 
direction by 90°. The assembly Was sealed With glass under 
a nitrogen atmosphere to obtain a device A (comparison). 

[0152] A device B (comparison) Was produced in the same 
manner as in the production of the device A except that the 
organic material Was changed to a positive hole blocking 
material, BCP (compound 3) With a thickness of 30 nm, an 
n-type organic material, Alq3 (compound 1) With a thickness 
of 50 nm, and a p-type organic material, quinacridone 
(compound 2) With a thickness of 150 nm. 

[0153] A device C (invention) Was produced in the same 
manner as in the production of the device A except that the 
organic material Was changed to a positive hole blocking 
material, BCP (compound 3) With a thickness of 30 nm, an 
n-type organic material, Alq3 (compound 1) With a thickness 
of 50 nm, a p-type organic material, quinacridone (com 
pound 2) With a thickness of 150 nm, and an electron 
blocking material, m-MTDATA (compound 4) With a thick 
ness of 40 nm. 

[0154] A device D (invention) Was produced in the same 
manner as in the production of the device A except that the 
organic material Was changed to a positive hole blocking 
material, BCP (compound 3) With a thickness of 30 nm, an 
n-type organic material, Alq3 (compound 1) With a thickness 
of 20 nm, a co-deposited layer of an n-type organic material, 
Alq3 (compound 1) and a p-type organic material, quinac 
ridone (compound 2) With a thickness of 200 nm, a p-type 
organic material, quinacridone (compound 2) With a thick 
ness of 30 nm, and an electron blocking material, m-MT 
DATA (compound 4) With a thickness of 40 nm. 

[0155] The device A had an organic photoelectric conver 
sion ?lm having a tWo-layer structure, the device B had an 
organic photoelectric conversion ?lm having a three-layer 
structure, the device C had an organic photoelectric conver 
sion ?lm having a four-layer structure, and the device D had 
an organic photoelectric conversion ?lm having a ?ve-layer 
structure. 

[0156] Light Was made incident on the intersection of 5 
mm><5 mm of the upper electrode and the loWer electrode 
With a positive bias voltage applied to the loWer electrode, 
and the IPCE (incident photon-to-current conversion ef? 
ciency, i.e., photoelectric conversion ef?ciency) and the dark 
electric current Were measured. Upon applying a bias volt 
age changed to provide a dark electric current of 100 
nA/cm2, the IPCE at 543 nm (green light) Was 2%, 4%, 21% 
and 25% for the devices A, B, C and D, respectively. The 
capability as an organic photoelectric conversion ?lm Was 
considerably improved in the devices C and D, i.e., the 
organic photoelectric conversion ?lm having a multilayer 
structure containing four or more layers according to the 
invention. 
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[0157] The chemical structures of the compounds 1 to 4 
are shoWn beloW. 

(Compound 1) 

(Compound 2) 
O 

H 
N 

N 
H 

0 
(Compound 3) 

(Compound 4) 

ill)... 3 

door: 
o .o 

Example 4 

[0158] Results shoWing the e?cect of the invention depend 
ing on the thickness of the transparent electroconductive 
?lm are shoWn. 

[0159] 10 pieces of each of devices E, F and G Were 
produced in the same manner as in the production of the 
device C in Example 3 except that the thickness of the ITO 
?lm as the upper electrode Was changed to 10 nm (inven 
tion), 40 nm (invention) and 100 nm (comparison), respec 
tively. 
[0160] The probability of short circuit Was measured With 
a circuit tester and Was 0% for the device C, 10% for the 
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device F and 40% for the device G. It Was understood that 
the yield ratio Was considerably improved by making the 
thickness of the transparent electroconductive ?lm to a range 
of from 5 to 50 nm. In the device E having an ITO ?lm 

having a thickness of 10 nm, the IPCE Was loWer than the 
device C probably because the bias voltage could not be 
uniformly applied. 

Example 5 

[0161] Results shoWing the surface smoothness of the 
organic photoelectric conversion ?lm are shoWn. 

[0162] On a CMOS substrate having been produced by a 
2.5 pm process, an IZO ?lm Was formed by sputtering 

instead of metal to a thickness of 20 nm (invention) or 100 

nm (comparison). IZO pixel electrodes of 10 um><10 um 
Were formed by the ordinary photolithography process 
including formation of a resist pattern, dry etching and 
removal of the resist. The spacing betWeen the pixel elec 
trodes Was 1 um. A positive hole blocking material (com 
pound 5) With a thickness of 30 nm, an n-type organic 
material (compound 6) With a thickness of 50 nm, a p-type 

organic material (compound 7) With a thickness of 100 nm 

and an electron blocking material (compound 8) With a 
thickness of 40 nm Were sequentially vapor-deposited by 

resistance heating on the substrate. Thereafter, an IZO ?lm 

Was formed thereon by sputtering to a thickness of 20 nm. 

The assembly as a specimen of the invention Was cut by 

focused-ion-beam (FIB) cutting at a cross section passing 

through the center of the pixel electrode, and the cross 
section Was observed With an SEM With a 100 um length to 

obtain the surface smoothness on the interface betWeen the 

compound 5 and the IZO ?lm. The surface smoothness Was 

6 nm With the thickness of the IZO ?lm of 20 nm, Which Was 

Within 3% or less of the thickness of the organic photoelec 

tric conversion ?lm of 220 nm. In the comparative speci 

men, on the other hand, the surface smoothness Was 27 nm 

With the thickness of the IZO ?lm of 100 nm, Which 

exceeded 10% of the thickness of the organic photoelectric 
conversion ?lm of 220 nm. It Was expected from the 

observation With an SEM that the upper electrode suffered 

from possibility of breakage When the surface smoothness 
exceeded 10% of the thickness of the organic photoelectric 
conversion ?lm. 

(Compound 5) 

@oN 
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-continued 
(Compound 6) 

(Compound 7) 
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N CH3 
H 

0 

(Compound 8) 

/ N 
_ CH3 

N \ N 

CH3 

3 

Example 6 

[0163] Results shoWing the thickness of the protective 
layer are shoWn. 

[0164] Devices H, I, J and K Were produced in the same 
manner as in the production of the device D in Example 3 
except that after forming the organic ?lm and sputtering 
ITO, a silicon nitride ?lm Was formed by sputtering to a 
thickness of 0 pm (comparison), 0.47 pm (comparison), 1 
pm (invention) or 5 pm (invention), respectively. No glass 
sealing Was conducted. 

[0165] The devices Were stored at a temperature of 400 C. 
and a relative humidity of 80% for one month, and the 
change rate of IPCE (photoelectric conversion e?iciency) 
Was measured. The device H Was decreased in IPCE to 13% 
of the initial performance, but the devices I, J and K Were 
decreased to 75%, 100% and 100%, respectively. It Was 
understood that the thickness of the protective ?lm Was 
necessarily 1 pm or more. 
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Example 7 
[0166] An organic EL device is produced by the mask 
method. The photoelectric conversion device of the inven 
tion requires such miniaturization that is equivalent to a 
CCD or CMOS imaging device, and therefore, a patterning 
process of an organic semiconductor by photolithography is 
necessarily employed. Therefore, the protective layer is 
demanded to have process durability on microfabrication in 
addition to the time lapse storage stability. As a result of 
investigations on the production process and the process 
durability of the photoelectric conversion device of the 
invention, it has been found that a protective ?lm having a 
multilayer structure containing three or more layers is nec 
essary. The process therefor Will be described With reference 
to FIGS. 2A to 2F. 

[0167] In FIG. 2A, numeral 101 denotes a cross section of 
the insulating ?lm as the uppermost layer betWeen the 
inorganic photoelectric conversion ?lm and the organic 
photoelectric conversion ?lm. The loWer layers are not 
shoWn in the ?gures. Numeral 102 denotes an electrode for 
connecting to the pixel electrode of the organic photoelectric 
conversion ?lm and has a tWo-layer structure containing 
titanium nitride and AlCu. Numeral 103 denotes an inter 
mediate metal, 104 and 105 denote a common counter 
electrode pad and a signal readout pad, respectively. 
Numeral 106, 107 and 108 denote plugs. The pixel electrode 
is reverse-sputtered With argon ion, and ?lms of molybde 
num and ITO are formed. After forming a resist pattern, 
etching and ashing of the resist are effected to obtain the 
constitution shoWn in FIG. 2B. 

[0168] In FIG. 2B, numeral 109 denotes a cross section the 
pixel electrode having a tWo-layer structure containing 
molybdenum and ITO for the organic photoelectric conver 
sion ?lm. The organic photoelectric conversion ?lm is 
vapor-deposited to a four-layer structure by a vacuum depo 
sition method, and then an ITO ?lm as the common counter 
electrode is formed by sputtering. A silicon nitride ?lm as 
the ?rst protective ?lm is then formed by plasma CVD. The 
?rst protective ?lm prevents damages of the organic ?lm 
occurring on the etching process in the next step. After 
forming a resist pattern, silicon nitride, ITO and the organic 
?lm are sequentially dry-etched to obtain the constitution 
shoWn in FIG. 2C. 

[0169] In FIG. 2C, numeral 110 denotes the organic pho 
toelectric conversion ?lm, 111 denotes the ITO common 
counter electrode, and 112 denotes a cross section of the ?rst 
protective ?lm. A silicon nitride ?lm as the second protective 
?lm is then formed by plasma CVD. The second protective 
?lm prevents damages of the organic ?lm, particularly 
damages on the side surface of the organic ?lm, occurring on 
formation of the contact electrode in the next step. After 
forming a resist pattern, dry etching and ashing of the resist 
are effected to obtain the constitution shoWn in FIG. 2D. 

[0170] In FIG. 2D, numeral 113 denotes a cross section of 
the second protective ?lm. A hole for connecting the com 
mon counter electrode and the common counter electrode 
pad has been formed. A molybdenum ?lm is formed as the 
contact electrode, and after forming a resist pattern, dry 
etching of the contact electrode and ashing of the resist are 
effected to obtain the constitution shoWn in FIG. 2E. 

[0171] In FIG. 2E, numeral 114 denotes a cross section of 
the molybdenum contact electrode. A silicon nitride ?lm as 
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the third protective ?lm is formed by plasma CVD. The third 
protective ?lm prevents damages of the organic ?lm and the 
contact electrode occurring on the etching process for form 
ing a hole of the signal readout pad in the next step. After 
forming a resist pattern, dry etching and ashing of the resist 
are effected to obtain ?nally the constitution shoWn in FIG. 
2F. 

[0172] In FIG. 2F, numeral 115 denotes a cross section of 
the third protective ?lm. 

[0173] While a protective ?lm having a multilayer struc 
ture containing three layers has been described, it is under 
stood that the fourth or more protective layers may be 
provided to suppress damages of the organic ?lm on the 
process steps. 

[0174] According to the invention, a photoelectric conver 
sion device containing an inorganic photoelectric conver 
sion ?lm having stacked thereon an organic photoelectric 
conversion ?lm is improved in color reproducibility, SN 
ratio, time lapse stability and process durability upon micro 
fabrication. 

[0175] The entire disclosure of each and every foreign 
patent application from Which the bene?t of foreign priority 
has been claimed in the present application is incorporated 
herein by reference, as if fully set forth. 

What is claimed is: 
1. A photoelectric conversion device comprising 

an inorganic photoelectric conversion ?lm; 

an insulating ?lm; and 

an organic photoelectric conversion ?lm, in this order, 

Wherein the insulating ?lm has a thickness of from 1 to 6 

nm. 
2. The photoelectric conversion device according to claim 

1: 

Wherein the inorganic photoelectric conversion ?lm per 
forms photoelectric conversion of at least blue light and 
red light, and 

Wherein the organic photoelectric conversion ?lm per 
forms photoelectric conversion of at least green light. 

3. The photoelectric conversion device according to claim 

Wherein the inorganic photoelectric conversion ?lm com 
prises a silicon semiconductor, and the inorganic pho 
toelectric conversion ?lm performs photoelectric con 
version of at least blue light and red light separately in 
a depth direction of the silicon semiconductor. 

4. The photoelectric conversion device according to claim 
2: 

Wherein the organic photoelectric conversion ?lm per 
forming photoelectric conversion of green light has a 
maximum absorption Wavelength of from 510 to 560 
nm, a maximum absorptivity of from 80 to 100% and 
a half value Width of absorptivity of from 50 to 100 nm. 

5. The photoelectric conversion device according to claim 
2: 

Wherein a number of pixels for green light is larger than 
a number of pixels for blue light or red light. 
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6. A photoelectric conversion device comprising: 

an inorganic photoelectric conversion ?lm; and 

an organic photoelectric conversion ?lm directly or indi 
rectly stacked on the inorganic photoelectric conver 
sion ?lm, 

Wherein the organic photoelectric conversion ?lm has a 
multilayer structure comprising four or more layers. 

7. The photoelectric conversion device according to claim 
6’ 

Wherein the organic photoelectric conversion ?lm com 
prises at least a positive hole blocking organic material 
layer, an n-type organic material layer, a p-type organic 
material layer and an electron blocking organic mate 
rial layer. 

8. The photoelectric conversion device according to claim 
6: 

Wherein the organic photoelectric conversion ?lm com 
prises at least a positive hole blocking organic material 
layer, an n-type organic material layer, a pn-type mixed 
organic material layer, a p-type organic material layer 
and an electron blocking organic material layer. 

9. The photoelectric conversion device according to claim 
1, Which further comprises tWo transparent electroconduc 
tive ?lms, 

Wherein the organic photoelectric conversion ?lm is held 
betWeen the tWo transparent electroconductive ?lms. 

10. The photoelectric conversion device according to 
claim 9, 

Wherein at least one of the tWo transparent electrocon 
ductive ?lms has a thickness of from 5 to 50 nm. 

11. The photoelectric conversion device according to 
claim 9, Which further comprises a protective ?lm having a 
multilayer structure comprising three or more layers directly 
or indirectly on one of the tWo transparent electroconductive 
?lms farther from the inorganic photoelectric conversion 
?lm. 

12. The photoelectric conversion device according to 
claim 9, 

Wherein one of the tWo transparent electroconductive 
?lms nearer the inorganic photoelectric conversion ?lm 
forms a pixel electrode. 

13. The photoelectric conversion device according to 
claim 9, 
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Wherein one of the tWo transparent electroconductive 
?lms farther from the inorganic photoelectric conver 
sion ?lm forms a common electrode. 

14. The photoelectric conversion device according to 
claim 1, 

Wherein the organic photoelectric conversion ?lm is 
formed continuously Without separation for each pixel. 

15. The photoelectric conversion device according to 
claim 1, 

Wherein the organic photoelectric conversion ?lm has a 
surface smoothness that is 1/10 or less of a thickness of 
the organic photoelectric conversion ?lm. 

16. A photoelectric conversion device comprising: 

an inorganic photoelectric conversion ?lm; 

an organic photoelectric conversion ?lm; and 

a protective ?lm having a multilayer structure comprising 
three or more layers, in this order. 

17. The photoelectric conversion device according to 
claim 9, 

Wherein the protective ?lm has a total thickness of from 
1 to 10 um. 

18. The photoelectric conversion device according to 
claim 11, Which further comprises at least one ?lm selected 
from an antire?ection ?lm, an infrared ray shielding ?lm and 
an ultraviolet ray shielding ?lm directly or indirectly on the 
protective ?lm. 

19. The photoelectric conversion device according to 
claim 1, Which ?lrther comprises at least one color repro 
duction compensating layer at least one of above and under 
the organic photoelectric conversion ?lm. 

20. The photoelectric conversion device according to 
claim 1, Which further comprises a signal readout section 
having a MOS structure. 

21. The photoelectric conversion device according to 
claim 20, 

Wherein the signal readout section utiliZes an electron as 
a readout signal. 

22. The photoelectric conversion device according to 
claim 20, 

Wherein the signal readout section utiliZes a positive hole 
as a readout signal. 

23. An imaging device comprising a photoelectric con 
version device according to claim 1. 

* * * * * 


